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To assess the timing and duration of mitral regurgitation in 
mitral valve prolapse, 20 patients with a mid-systolic click 
or late systolic murmur, or both (Group 1) and 16 patients 
with a pansystolic murmur with late systolic accentuation 
(Group 2) were studied with phonocardiography and echo- 
cardiography including various Doppler techniques. The 
subjects’ ages ranged from 15 to 73 years. 
Mitral valve prolapse with mitral regurgitation was 
observed in 15 of 20 patients in Group 1 and in all 16 
patients in Group 2. M-mode Doppler color echocardiog 
raphy demonstrated a mitral regurgitant signal throughout 
systole and isovolumic relaxation in all but 1 of these 31 
patients regardless of the pattern of the systolic murmur. 
The regurgitant signal was recorded after the click in only 
one patient with mitral valve prolapse in Group 1. Two of 
the five patients in Group 1 without two-dimensional echo- 
cardiographic findings of mitral valve prolapse had the 
early systolic signal of mitral regurgitation. The timing and 
duration of the mitral regurgitant signal detected in pa- 
tients in Group 1 with pulsed or continuous wave Doppler 
ultrasound varied with the site of the sample volume or 
beam direction. In the patients in Group 2, however, the 
signal was demonstrated throughout systole and isovolumic 
relaxation by both Doppler methods. Compared with M- 
mode Doppler color echocardiography, therefore, pulsed 
and continuous wave Doppler methods were less sensitive 
and thus inadequate to investigate the timing and duration 
of mitral regurgitation in mitral valve prolapse, especially 
in patients with a mid-systolic click or a late systolic 
murmur, or both, who had mild or eccentric mitral regur- 
gitant jets. 
In conclusion, 1) mitral regurgitation is frequently 
present throughout systole and isovolumic relaxation in 
patients with mitral valve prolapse; 2) pulsed and continu- 
ous wave Doppler techniques are of limited value in assess- 
ing the timing and duration of mitral regurgitation in such 
patients; and 3) M-mode Doppler color echocardiography is 
more useful in the temporal resolution of mitral regurgita- 
tion in these patients. 
(J Am CON Cardiol1989;13:1053-41) 
Mitral regurgitation is usually associated with mitral valve 
prolapse (l-4). With pulsed or continuous wave Doppler 
echocardiography, the mitral regurgitant signal is often de- 
tected in mid to late systole (2-6), a finding that seems to 
correspond well with the late systolic murmur so often heard 
in these cases (7,s). In some patients with mitral valve 
prolapse, however, it has been reported (4-6) that early to 
mid-systolic regurgitant flow signals can be detected by 
Doppler techniques. 
Recently developed Doppler color systems can superim- 
pose blood flow signals on M-mode or two-dimensional 
echocardiographic images in real time. With such systems, 
the M-mode Doppler method would be expected to give far 
better temporal resolution of flow signals than would two- 
dimensional Doppler color echocardiography (9). The pur- 
pose of this study was to assess the timing and duration of 
mitral regurgitation in patients with mitral valve prolapse by 
using phonocardiography and various Doppler techniques 
including M-mode Doppler color echocardiography. 
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Methods 
Study patients. We studied 20 patients (7 men and I3 
women) with a mid-systolic click or late systolic murmur, or 
both (Group I) (Table 1) and 16 patients (I 1 men and 5 
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Table 1. Clinical Characteristics and Phonocardiographic and Echocardiographic Findings in 20 Patients With Mitral Valve Prolapse 
Having a Mid-Systolic Click, a Late Systolic Murmur or Both 
Case No. 
Phonocardiography 2D Echocardiography Doppler Study 
Age (yrl Mid-Systolic Prolapsed LVDd LVDs %FS LAd Duration of Semiquantifi- 
& Gender Click Murmur Leaflet (mm) @un) (%l (mm) MR cation of MR 
Group 1A 
1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
11 
12 
13 
14 
15 
Group 1B 
16 
17 
18 
19 
20 
35M AL 48 32 33 30 
66M 
57F 
25F 
54F 
22F 
64M 
27M 
46F 
22M 
56F 
45F 
34F 
73M 
21M 
43 + 17 
27F 
16F 
16F 
69F 
43F 
34 t 20 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
+ 
Early syst AL 
Late syst AL 
- AL 
Early syst AL 
Late syst AL 
Early syst AL 
Late syst AL 
Early syst AL 
- AL 
Late syst AL 
- AL 
Early syst AL 
- AL 
Late syst AL 
- 
- 
- 
- 
- 
45 28 38 35 
46 28 39 22 
45 29 36 28 
45 30 33 28 
43 29 33 25 
49 32 35 42 
50 29 42 20 
47 25 4-l I5 
46 30 35 27 
40 25 38 30 
47 25 49 30 
49 34 31 27 
50 30 40 27 
45 30 33 29 
46 ? 3 29 f 3 37 + 5 28 * 6 
40 26 35 18 
45 29 36 21 
42 26 38 20 
37 25 32 25 
46 30 35 27 
42 t 8 21 * 2 35 * 2 22 ” 3 
Mid to late 
syst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Pansyst & IRT 
Mild 
Trivial 
Mild 
Mild 
Mild 
Trivial 
Mild 
Trivial 
Mild 
Mild 
Mild 
Mild 
Mild 
Mild 
Trivial 
Early systole Trivial 
- - 
- - 
- - 
Early systole Trivial 
AL = anterior mitral leaflet; F = female; IRT = isovolumic relaxation time; LAd = left atrial dimension; LVDd = left ventricular end-diastolic dimension; 
LVDs = left ventricular end-systolic dimension; M = male; MR = mitral regurgitation; Pansyst = pansystolic; %FS = percent fractional shortening; syst = 
systolic; 2D = two-dimensional; t = present; - = absent. 
women) with a pansystolic murmur with late systolic accen- 
tuation (Group 2) (Table 2). The patients’ ages ranged from 
16 to 73 years (mean ? SD, 41 2 18) in Group 1 and from 15 
to 72 years (mean 42 2 18) in Group 2. There was no 
statistical significance in ages between the groups. 
anulus was seen in both parasternal and four chamber views 
(8,10-13). 
Phonocardiographic examination. Simultaneous phono- 
cardiograms and electrocardiograms were recorded with use 
of Fukuda Polygraphy MCM 8000 and Siemens-Elema 
Mingograph 804 at a paper speed of 100 mm/s. Microphones 
were placed in the third intercostal space at the left sternal 
border and at the apex. Low, mid and high pass filters were 
used to record each frequency range at the same time. 
Phonocardiographic studies were always performed with 
patients in the supine position. 
Doppler examinations. These studies were performed 
with a 2.5 MHz transducer (Toshiba SSH-65A) and a low-cut 
frequency filter to eliminate the influence of movements of 
the intracardiac structures; the cutoff frequency was 400 Hz 
for pulsed and color Doppler ultrasound and 1,600 Hz for 
continuous wave Doppler ultrasound. 
Pulsed Doppler echocardiography was carried out with a 
sample volume 2 mm deep and wide, and a pulse repetition 
frequency of 4 kHz. The depth of sampling volume could be 
varied from 0 to 16 cm from the transducer and was 
displayed on the corresponding two-dimensional and M- 
mode echocardiograms. 
Two-dimensional echocardiography. Each patient under- Continuous wave Doppler studies were performed with 
went a conventional two-dimensional echocardiographic ex- combined two-dimensional and Doppler equipment with use 
amination with Toshiba SSH-65A equipment: the transducer of a duplex transducer. The beam direction of the continuous 
frequency was 2.5 MHz. Parasternal and apical views were wave system was adjusted as closely as possible to the 
obtained with patients in the supine position. direction of the regurgitant jet signal on the Doppler color 
Mitral valve prolapse was diagnosed when superior sys- images in the parasternal and apical approaches. 
tolic displacement of the mitral leaflets beyond the mitral Frequency analysis ofpulsed and continuous wave Dopp- 
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Table 2. Group 2. Clinical Characteristics and Phonocardiographic and Echocardiographic Findings in 16 Patients With Mitral Valve 
Prolapse and a Pansystolic Murmur With Late Systolic Accentuation 
Phonocardiography 13 Echocardiography Doppler Study 
Age (~0 Mid-Systolic Prolapsed LVDd LVDs kFS LAd Duration of Semiquantili- 
Case No. & Gender Click Mumur Leaflet (mm) (mm) (%I (mm) MR cation of MR 
1 39M _ Pansyst AL 42 20 52 30 Pansyst & IRT Mild 
2 15M _ Pansyst PL 58 32 45 30 Pansyst & IRT Moderate 
3 20M _ Pansyst AL 51 35 31 38 Pansyst & IRT Mild 
4 72M _ Pansyst PL 46 28 39 35 Pansyst & IRT Moderate 
5 35M _ Pansyst AL 53 32 40 30 Pansyst & IRT Moderate 
6 60M _ Pansyst AL 45 22 51 42 Pansyst & IRT Mild 
7 47M _ Pansyst AL 48 33 31 32 Pansyst & IRT Mild 
8 48F _ Pansyst AL 56 30 46 39 Pansyst & IRT Mild 
9 71F _ Pansyst AL 47 30 36 30 Pansyst & IRT Mild 
10 5lF _ Pansyst AL 48 32 33 32 Pansyst & IRT Mild 
11 39F + Pansyst AL 43 30 30 21 Pansyst & IRT Moderate 
12 25M t Pansyst AL 45 28 38 30 Pansyst & IRT Mild 
13 36M _ Pansyst PL 50 30 40 43 Pansyst & IRT Moderate 
14 19M _ Pansyst AL 56 33 41 32 Pansyst & IRT Moderate 
15 72M _ Pansyst AL 55 35 36 32 Pansyst & IRT Moderate 
16 27F Pansyst AL & PL 42 25 40 22 Pansyst & IRT Moderate 
42 2 18 49 c 5 30 2 4 39 ? 6 32 + 6 
PL = posterior leaflet: other abbreviations as in Table I 
ler signals was carried out in real time by fast Fourier 
transform. Doppler signals were recorded by a strip chart 
recorder at a paper speed of 50 mm/s along with an M-mode 
echocardiogram, electrocardiogram (ECG) and phonocar- 
diogram. 
The Doppler color studies were performed with use of 
multiple two-dimensional echocardiographic planes. Dopp- 
ler color gain was optimized as described previously (14). 
M-mode Doppler color images were displayed at a screen 
sweep speed of 50 mm/s with simultaneous ECG and pho- 
nocardiogram. All two-dimensional and M-mode Doppler 
color images were recorded on U-matic videotape. 
If necessary, continuous wave Doppler studies were also 
carried out with Aloka SSD-730 equipment using a 2.0 MHz 
transducer after the Doppler color echocardiographic exam- 
ination. A high pass filter (cutoff frequency 800 Hz) was used 
to eliminate the influence of movements of the intracardiac 
structures. Doppler signals were also recorded by a strip 
chart recorder as described. 
Grading of mitral regurgitation. Mitral regurgitation was 
judged to be present when disturbed or turbulent flow signals 
that lasted for more than half of systole were detected in the 
left atrium behind the mitral valve by both pulsed wave and 
color Doppler echocardiographic examination. 
The mitral regurgitation was graded from 0 to 4+ accord- 
ing to the maximal length of the regurgitant jet in relation to 
the left atria1 size during systole on the two-dimensional 
Doppler color study (3,14). Regurgitation was graded 1 t 
(trivial) if the regurgitant jet was observed only immediately 
below the mitral valve, 2+ (mild) if it extended to the 
proximal third of the left atrium, 3 t (moderate) if it extended 
up to two-thirds of the left atria1 cavity and 4t (severe) if it 
extended into more than two-thirds of the left atria1 cavity. 
Two independent investigators analyzed each examination 
and the diagnosis was based on consensus of the two 
investigators. 
Statistical analysis. Statistical analysis was carried out 
with use of an unpaired t test when appropriate. A probabil- 
ity value CO.05 was considered to indicate a significant 
difference. 
Results 
Group 1 (Table 1) 
Mitral valve prolapse. In 15 of the 20 patients with a 
mid-systolic click or a late systolic murmur, or both, anterior 
mitral valve prolapse was detected by two-dimensional 
echocardiography (Group IA). In the remaining five pa- 
tients, no evidence of mitral valve prolapse was present on 
two-dimensional echocardiography (Group 1B). 
Systolic click and murmur. In group lA, a mid-systolic 
click was recorded on phonocardiography in all but 1 of the 
15 patients, along with an early systolic murmur in 5 and a 
late systolic murmur in 5. Though a mid-systolic click was 
recorded in each of the five patients in Group lB, a systolic 
murmur was not recorded in any. 
Atrial and ventricular dimensions. Left ventricular end- 
diastolic and systolic dimensions and percent fractional 
shortening in Group IA were not significantly different from 
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Figure 1 (left). M-mode color Doppler echocardiogram recorded from two 
patients in Group 1A with a mid-systolic click and mitral valve (MV) prolapse. 
A, Mitral regurgitant signals are recorded (in blue) throughout systole and 
isovolumic relaxation. B, Mitral regurgitant signals are seen only just after the 
mid-systolic click (c). 
Figure 2 (below). M-mode color (left panel) and pulsed Doppler with M-mode 
(center and right panel) Doppler color recordings in a Group 1 patient with mitral 
valve (MV) prolapse. Although a mitral regurgitant signal (blue) is recorded 
throughout systole and the isovolumic relaxation period by M-mode Doppler 
color echocardiogram, the timing of the mitral regurgitant signals in the pulsed 
Doppler echocardiogram (upper tracing) change from early (center panel) to mid 
to late (right panel) systole by altering the site of the sample volume. 
those in Group 1B. Left atria1 dimension, however, was 
significantly larger in Group 1A than in Group 1B (p < 0.02). 
Mitral regurgitation. Mitral regurgitation was detected 
in all 15 patients by two-dimensional Doppler color echo- 
cardiography in Group 1A; it was trivial in 4 and mild in 
11. In Group 1B trivial mitral regurgitation was seen in 
two patients, and no regurgitant signal could be detected in 
three. 
Mitral regurgitant signals were detected by the M-mode 
Doppler color study throughout systole and the isovolumic 
relaxation period in all but 1 of the 15 patients in Group 1A 
(Fig. 1A). In the remaining patient in Group lA, the mitral 
regurgitant signal started only after the mid-systolic click 
and persisted into isovolumic relaxation (Fig. 1B). 
In Group IB, early systolic mitral regurgitation was 
detected in the same two patients by both M-mode and 
two-dimensional Doppler color echocardiography. In the 
other three patients, no mitral regurgitant signal could be 
recorded from any approach with use of either Doppler color 
technique. 
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Figure 3. Continuous wave (CW) Dopp- 
ler echocardiogram of mitral regurgita- 
tion in a Group 1 patient with mitral 
valve prolapse recorded with use of the 
apical approach (A) and parasternal 
approach (B). In A, the mitral regurgi- 
tant signal is seen in mid to late systole, 
whereas in B it is observed in early 
systole. 
. . . . . ..*.........(.....l.l.......(...”.. .‘... . .’ 
?&. K ., 22?61.00-2721-8 &I. K ., 22101, 00- 2721-8 
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Correlation of Doppler color method with pulsed and 
continuous wave Doppler echocardiography. The timing and 
duration of mitral regurgitant signals detected by pulsed 
Doppler technique depended on the position of the sample 
volume (Fig. 2) in both Group IA and IB. Only when the 
onset and duration of mitral regurgitation in each patient 
were reconstructed from several pulsed Doppler records, by 
moving the site of the sample volume, was the presence of 
flow demonstrated throughout systole and isovolumic relax- 
ation as shown by M-mode Doppler color echocardiography. 
Combined use of the two methods demonstrated that the 
pulsed Doppler method could record mitral regurgitant sig- 
nals only when its sample volume was superimposed on the 
mitral regurgitant signal obtained by M-mode Doppler color 
echocardiography (Fig. 2). 
With use ofthe continuous wave Doppler method, mid to 
late systolic signals of mitral regurgitation (Fig. 3A) were 
always detected in Group IA patients when the ultrasound 
beam was directed from the apex. Once the direction of the 
mitral regurgitant jet had been established by the Doppler 
-- 
. ‘ . . . . . . . . . , , .  
CW 
color method. mitral regurgitant signals could be recorded in 
early systole (Fig. 3B), when the beam was directed parallel 
to this early systolic component of the regurgitant jet. 
Therefore, the timing and duration of mitral regurgitant 
signals were dependent on Doppler beam direction (Fig. 4). 
In Group 1B. early systolic signals of mitral regurgitation 
were similarly detected when the continuous wave Doppler 
beam was directed parallel to the mitral regurgitant signals 
established by the two-dimensional Doppler color study. 
The phase and duration of the mitral regurgitant signals 
detected by continuous wave Doppler technique were, as a 
result, also the same as those recorded with the M-mode 
Doppler color method after reconstruction from several 
records in different beam directions. 
Group 2 (Table 2) 
Mitral valve prolapse. Two-dimensional echocardiog- 
raphy showed mitral valve prolapse in all 16 patients having 
a pansystolic murmur with late systolic accentuation. Pro- 
. . . . . . . . . ..*......... .,.,..‘....I..... 
Figure 4. Continuous wave (CW) Dopp- 
ler recordings of mitral regurgitation in a 
Group 1A patient with mitral valve pro- 
lapse. The timing of the mitral regurgi- 
tant signals varies from early (left panel) 
to mid to late (center and right panel) 
systole depending on the beam direction. 
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Figure 5. Phonocardiogram obtained from a Group 2 patient having 
a pansystolic murmur with late systolic accentuation. H = high pass 
filter; L = low pass filter; M = mid-pass filter; 3L = third intercostal 
space at the left sternal border. 
lapse of the anterior leaflet was present in 12 patients, of the 
posterior leaflet in 3, and of both leaflets in 1 patient. 
Dimensions. Left ventricular diastolic and systolic di- 
mensions and percent fractional shortening in Group 2 were 
not significantly different from values in Group IA and 1B. 
In contrast, left atria1 dimension in Group 2 was greater than 
that of Group 1A and significantly greater than that of Group 
1B (p < 0.01). 
Click and murmur. Phonocardiography revealed a mid- 
systolic click in only two patients but a pansystolic murmur 
with late systolic accentuation in all (Fig. 5). 
Mitral regurgitation. Two-dimensional Doppler color 
echocardiography demonstrated mitral regurgitant signals in 
all 16 patients, mild in 8 and moderate in 8. The regurgitant 
jet was eccentric in all patients, being uniformly directed to 
the side in the left atrium opposite that of the prolapsed 
leaflet. In the patient with prolapse of both leaflets, the effect 
of the anterior leaflet was predominant and the regurgitant 
jet was directed toward the posterolateral wall of the left 
atrium. 
With M-mode Doppler color echocardiography, mitral 
regurgitant signals were recorded in all 16 patients through- 
out systole and the isovolumic relaxation period. 
Mitral regurgitant signals could be recorded throughout 
systole and the isovolumic relaxation period only with the 
sample volume placed in the optimal position by the pulsed 
Doppler method and the beam direction optimized by con- 
tinuous wave Doppler echocardiography (Fig. 6). With use 
of the apical approach, however, only mid to late systolic 
signals of mitral regurgitation could be detected by continuous 
wave Doppler technique (Fig. 7B). However, mitral regurgi- 
tant signals throughout systole and the isovolumic relaxation 
period could be recorded by pulsed Doppler echocardiog- 
raphy (Fig. 7A) provided the sample volume was in the 
optimal position. Combined use of pulsed and M-mode color 
Doppler echocardiography demonstrated that this optimal 
position of the sample volume was always superimposed on 
the regurgitant signals on the M-mode Doppler color display 
throughout systole and the isovolumic relaxation period. 
Discussion 
Diagnosis of mitral valve prolapse. Despite considerable 
effort to establish acceptable diagnostic criteria for mitral 
valve prolapse (8,10-13,15), general agreement has not been 
obtained. Although the echocardiographic criterion of supe- 
rior systolic displacement of mitral leaflets is now commonly 
quoted (8,13,15), its use leads to an unacceptably high 
percent of false positive diagnoses (13,15-17). In this study, 
therefore, we selected subjects with auscultatory abnormal- 
ities suggesting mitral valve prolapse (7,8): these included a 
mid-systolic click or late systolic murmur, or both, or a 
pansystolic murmur with late systolic accentuation by pho- 
nocardiography, and superior systolic displacement of the 
mitral valve leaflets beyond the mitral anulus in both the 
parasternal and four chamber views of two-dimensional 
echocardiography. According to these criteria, 15 (75%) of 
20 patients with a mid-systolic click or late systolic murmur, 
or both, and all 16 patients having a pansystolic murmur with 
late systolic accentuation were diagnosed as having mitral 
valve prolapse. Five patients without mitral valve prolapse 
had only a mid-systolic click and no significant murmur. 
These results might indicate that a mid-systolic click without 
a murmur may not be specific for diagnosing mitral valve 
prolapse. 
In patients with a mid-systolic click with or without a late 
systolic murmur, the sensitivity of two-dimensional echocar- 
diography was slightly higher in our study than that in 
previous reports (2,3,6). This difference might be affected by 
the conditions of the study: selection of subjects, resolution 
of the machine or interobserver variability. 
Mitral regurgitation in mitral valve prolapse. Mitral re- 
gurgitation was demonstrated by Doppler methods in all 
subjects with mitral valve prolapse by both phonocardiogra- 
phy and echocardiography. Doppler study also demonstrated 
mitral regurgitant signals in two of five patients without 
prolapse on two-dimensional echocardiography. This discrep- 
ancy might reflect a poorer sensitivity of two-dimensional 
echocardiography in detecting mitral valve prolapse. How- 
ever, as recently reported (4) that valvular regurgitant signals 
can be detected by Doppler techniques in normal subjects, so 
that the regurgitant signals in these two patients without 
echocardiographic prolapse might have a similar basis. The 
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Figure 6. Pulsed (high pulse repetition 
frequency) (HPRF [PW]) (left panel) 
and continuous wave (CW) (right 
panel) Doppler recordings of mitral re- 
gurgitation obtained from a Group 2 
patient having a pansystolic murmur 
with late systolic accentuation. Mitral 
regurgitant signals throughout systole 
and the isovolumic relaxation period 
are recorded by both techniques. 
rate of detection of mitral regurgitation by Doppler techniques 
in this study is also higher than that of previous reports 
(2,3,6). This discrepancy might also be due to the factors cited 
with respect to two-dimensional echocardiography. 
The degree of mitral regurgitation seemed more severe in 
Group 2 than in Group 1A. This Doppler assessment corre- 
sponded well with phonocardiographic and two-dimensional 
echocardiographic findings; left atria1 dimension and percent 
fractional shortening of the left ventricle also tended to be 
greater in Group 2 than in Group IA. 
Timing and duration of mitral regurgitation in mitral valve 
prolapse. With use of the pulsed or continuous wave Dopp- 
ler technique, mitral regurgitation in patients with mitral 
valve prolapse has been observed to occur in mid to late 
systole (2,6). This finding seems to correspond with the 
presence of a late systolic murmur, thought to be a charac- 
teristic feature of mitral valve prolapse. In our study, how- 
ever, in all but one patient with prolapse, regurgitant signals 
were recorded throughout systole and isovolumic relaxation 
by M-mode Doppler color echocardiography. In only one of 
., . . . . . . . 
PW 
these patients was the onset of the regurgitant signals 
delayed until just after the click. Murmurs are vibrations in 
the audible frequency range induced by turbulent flow, 
whereas the Doppler shifts represent minute changes in 
frequency range also induced by flow dynamics (18). It is 
therefore possible that turbulence resulting from a small 
amount of regurgitant flow might be insufficient in magnitude 
to induce audible vibrations. 
Pulsed Doppler versus M-mode Doppler color echocardiog- 
raphy. In contrast to these results. mitral regurgitant signals 
were detected by the pulsed Doppler method for only limited 
periods of systole or isovolumic relaxation when the sample 
volume was set in one place, the apparent timing and 
duration of regurgitation depending on its exact position 
(Fig. 2). The mitral regurgitant jet caused by mitral valve 
prolapse is eccentric and directed toward the side opposite 
that of the prolapsed leaflet (6). Therefore, if the degree of 
mitral regurgitation is mild, it might be difficult to set and 
keep the sample volume in the regurgitant jet throughout 
systole and the isovolumic relaxation period. Clearly, pulsed 
.‘.... ../ ....I.. . . ...‘.. . . ...‘.__. 
CW 
Figure 7. Pulsed (left panel) and contin- 
uous wave (right panel) Doppler echo- 
cardiograms in a Group 2 patient hav- 
ing a pansystolic murmur with late 
systolic accentuation. Mitral regurgi- 
tant signals throughout systole and iso- 
volumic relaxation can be recorded by 
the pulsed Doppler technique (PW) 
from the apex (left panel), but only mid 
to late systolic mitral regurgitant sig- 
nals can be obtained by the continuous 
wave (CW) Doppler technique (right 
panel). 
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Figure 8. Schematic diagrams showing the relations of 
two-dimensional Doppler (2DD) color (left panel), M- 
mode Doppler (MD) color (right upper panel) and pulsed 
(PW) Doppler (right lower panel) echocardiograms of 
mitral regurgitation in patients with mitral valve pro- 
lapse. With use of the M-mode color Doppler (MD) 
technique, the mitral regurgitant signal could be re- 
corded throughout systole and isovolumic relaxation. 
With the pulsed Doppler (PW) technique, however, the 
timing and duration of the mitral regurgitant signal 
varies from early (SV,) to late (SV,) systole by changing 
the site of the sample volume (SV). ECG = electrocar- 
diogram; PCG = phonocardiogram; S, = first heart 
sound; S, = second heart sound. 
Doppler echocardiography can detect and display mitral 
regurgitation only when the sample volume is located in the 
mitral regurgitant jet. In contrast, M-mode Doppler color 
echocardiography can detect these eccentric regurgitant jets 
unlike the pulsed Doppler method, it can detect flow at 
multiple sample points in the beam direction (Fig. 8) rather 
than at a single sample point. Combined use of pulsed and 
M-mode color Doppler methods demonstrates this difference 
(Fig. 2 and 8). Pulsed Doppler echocardiography can record 
a mitral regurgitant signal only when the sample volume is on 
Figure 9. Apical four chamber view of two-dimensional (left side) 
and two-dimensional color (right side) Doppler echocardiograms in a 
patient with mitral valve prolapse. The mitral regurgitant jet is 
directed by the prolapsed leaflet first toward and then along the 
lateral wall of the left atrium (LA). LV = left ventricular; RA = right 
atrium; RV = right ventricular. 
the mitral regurgitant signal obtained by M-mode Doppler 
color echocardiography. The timing and duration of the 
regurgitant signal recorded by pulsed Doppler technique will 
vary with the position of the sample volume. The pulsed 
Doppler method, therefore, seems to have a limitation in 
studying the timing and duration of valvular regurgitation. If 
the size of the sample volume could be increased, this 
limitation might be mitigated, but the recorded signals would 
be more obscure because they would be picked up from a 
larger area. 
In patients in Group 2, mitral regurgitant signals were 
recorded throughout systole and isovolumic relaxation pro- 
vided the sample volume was set in the optimal place. The 
degree of mitral regurgitation was more severe in Group 2 
than in Group 1 A, so the regurgitant jet is likely to have been 
more extensive and to have passed through the sample 
volume throughout systole and isovolumic relaxation. 
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Continuous wave Doppler versus M-mode Doppler color 
echocardiography. Continuous wave Doppler method also 
uniformly showed mid to late systolic regurgitant signals of 
mitral regurgitation in Groups 1A and 2 when the ultrasound 
beam was directed from the apex. Figure 9 shows the apical 
four chamber view of two-dimensional and Doppler color 
echocardiograms in a patient with mitral valve prolapse. The 
regurgitant jet is directed from the prolapsed scallop first 
toward, and then along the lateral wall of the left atrium. As 
a result of this change in direction, therefore, continuous 
wave Doppler echocardiography can detect only the mid to 
late systolic signal along the lateral left atria1 wall and not 
that during early to mid-systole, because the early systolic 
component of the regurgitant jet is nearly perpendicular to 
the beam direction from the apex. It seems to be difficult to 
set the beam direction parallel to the regurgitant jet in early 
systole even when its relative orientation is known. How- 
ever, when this can be achieved, regurgitant signals in early 
to mid-systole can be obtained (Fig. 3 and 4). Thus, the 
eccentric regurgitant jet in mitral valve prolapse makes it 
difficult to detect mitral regurgitation throughout systole and 
the isovolumic relaxation period by continuous wave Dopp- 
ler technique from a single approach. It was easier to set the 
beam direction parallel to the jet direction in Group 2 
patients because their mitral regurgitation was more severe 
and the regurgitant signals could be detected more easily. 
Limitations of the present study. This study is limited 
because data were obtained only from subjects having aus- 
cultatory abnormalities and there were no control subjects. It 
has been reported (4) that mitral regurgitant signals can be 
detected by Doppler techniques in a normal population. In 
our clinical experience (19), mitral regurgitant signals can be 
obtained by Doppler color echocardiography in 38% to 45% of 
normal subjects in each age group. Most of these signals, 
however, tend to be easily detected in early to mid-systole 
rather than in late systole by Doppler techniques including the 
M-mode Doppler color method. In regard to this finding, 
further investigations are required. 
Second, we have no angiographic data in this study 
because none of the subjects had severe mitral regurgitation 
by physical examination and Doppler echocardiography, and 
none was thought clinically to need surgical intervention. 
Therefore, we could not discuss correlation between angio- 
graphic and Doppler echocardiographic findings as to the 
severity of mitral regurgitation. However, good correlation 
between angiography and Doppler echocardiography has 
been reported previously (14). Similar findings would be 
expected in cases of mitral valve prolapse. 
Conclusions. In cases of mitral valve prolapse, mitral 
regurgitation is frequently present throughout systole and 
isovolumic relaxation regardless of the auscultatory findings. 
M-mode Doppler color echocardiography appears to be the 
method of choice to resolve the timing and duration of 
regurgitation in comparison with other conventional Doppler 
methods. 
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